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ABSTRACT

We examine the performance implications of selgctitiernate modes of governance in inter-
organizational alliance relationships. While mamagean choose from a range of modes to
govern alliances, prior empirical evidence offensited guidance on the performance impact of
this choice. We use an agent-based simulation tef-firm decision making to complement
empirical studies in this area. Our results paya tomplex interplay between interdependencies,
governance structures and firms’ search capalilitiéferent patterns of interdependence create
varying needs with respect to coordination and @gplon, while at the same time different
governance modes, coupled with organizational seaapabilities, supply varying degrees of
these factors; firm performance in an allianceti@teship improves when the needs and supplies
of coordination and exploration are matched. Wd 8iuations in which stronger organizational
search capabilities can backfire, leading to loesgsloration within the alliance relationship, and
hence to lower firm performance. Moreover we shbat for higher levels of interdependence,
coordination can become more critical for firm penfiance than exploration: unless it is tied to
coordination, exploration can be ineffective inate settings.

Running Head: Governing Collaborative Activity
Keywords: Alliances; governance modes; coordination; exilon; interdependence; simulation



INTRODUCTION

Inter-firm collaborative relationships are a growiphenomenon with significant organizational
and performance consequences (Reuer, 2004). Emgaginsuch relationships requires
determining how to govern the shared activitiespadicularly important consideration when the
activities associated with the collaboration inténaith the other activities of the participating
firms. Broader firm-level consequences can oftesultefrom governance mode selection. In
resource-constrained environments, for examplesfimay be unable to invest in the capabilities
necessary to pursue different modes of governaogess multiple alliance relationships. As a
result, developing a business model around a sipglgicular mode can become a necessary
strategic choice.

While governance mode choice can have strategidigatpns, there is limited direct
evidence for the impact of different modes on fip@rformance. Prior work in this area has
generally addressed two issues: first, does cotiperactivity matter? And second, what factors
compel firms to select alternate modes of goveraamcooperative settings? Empirical evidence
for the implications of cooperative activity hasebemixed: while some work documents the
positive effects of such activity on firm perfornc@nusing metrics such as stock market returns
(Das, Sen and Sengupta, 1998) and patenting o¢hsn, Walker and Kogut, 1994), other
studies suggest that cooperative activity plays aenlimited role in influencing firm-level
outcomes relative to factors such as internal dipeb (Lee, Lee and Pennings, 2001). More
robust evidence exists with respect to the antetsd# such activity. Two streams of prior work
have addressed the determinants of alliance goveena transaction cost economics (TCE)
view, which generally concludes that more hierarahforms of governance are associated with
transactions characterized by increased apprapmidtazards (e.g., Pisano, 1989; Oxley, 1997);
and an organizational approach, which examines dheice between alternate modes of
governance taking into account firm-level consitlers (e.g., Gulati and Singh, 1998; Kale and
Puranam, 2004; Dyer et al., 2004; Villalonga and3dhan, 2005; Aggarwal and Hsu, 2009).

Although ample work has assessed alliance goveenarode determinants, less is known
about the performance implications of differencedes Sampson (2004) makes important
headway towards addressing this by focusing onntipdications of ‘governance misalignment’.
Using TCE as a theoretical prior, this study fosuse the innovation implications of governance

choices that run counter to TCE predictions. Th@ignal finding that misaligned choices can



have adverse innovation effects is compelling,tasdtivates the notion that mode choice has
performance effects determined in part by the eatirinter-firm characteristics. Moreover, it
suggests the need for a deeper understanding afie¢bbanisms influencing firm performance as
governance modes vary.

Our central research question addresses this biefkwveen governance mode and
performancehow does the governance mode used to manage decisions in the context of an inter-
organizational relationship between two firms impact firm performance? To examine this
guestion, we employ an agent-based simulationehables us to develop a more nuanced view
of the implications of governance choice. Parthe tmotivation underlying this approach is to
better understand some of the factors underlyiegrtiplications of cooperative activity that may
be more difficult to address using empirical apphess. Prior studies exploring firm performance
in alliance settings, for example, have exploredienating effects such as alliance activity type
(e.g., marketing vs. technical) and relative finres while abstracting away from the particular
implications of firm characteristics and governanoede. Omitting such characteristics may be
the reason for the mixed results around the imiitina of cooperative activity noted above. By
utilizing a simulation methodology, we are affordeedegree of flexibility in experimental design
not possible with alternative approaches.

We use a simulation model with the aim of genagat novel set of insights (following
from a set of assumptions) that can guide futueertical and empirical work. To develop our
model we draw from a rich body of literature thastused agent-based simulations to address
issues of organizational strategy (e.g., Levinti&97) and from prior work examining inter-
organizational relationships. We model a range mfegnance structures, different patterns of
interdependencies, and varying levels of orgaromali capabilities. To anchor our analytical
explorations, we first outline a conceptual framawof firm performance, building on the
information processing and contingency theoriegheffirm. With this framework in mind, we
then use the simulation to generate further insigiid the mechanisms underlying the
performance effects of alternate governance mddethe final section, we discuss theoretical

implications and outline several specific insighitsl hypotheses that emerge from this study.

! Many of the theoretical mechanisms we discuss mabo be relevant in intra-firm settings, and our
theoretical development and discussion moreovew draa broad range of the organizational desigmdttire
examining within-firm issues. Since our focus is alance governance, however, we construct a sitioun



THEORY AND LITERATURE

Our aim in this section is to develop a conceptisamework that describes a number of
mechanisms underlying firm performance in alliansettings. We begin by discussing
governance mode choice and inter-firm interdepecelerwe then turn to the factors of
coordination and exploration. We motivate our frarak with a discussion of prior literature,
including work on organization design and inforroatiprocessing. The framework, in turn,

motivates the simulation model discussed in thesasgbent section.

Governance modes and inter dependence

An important question in any inter-organizationalationship is how to govern the shared
activities. An early stream of work examining trevgrnance choice issue drew from transaction
cost theory (Williamson, 1975; Klein, Crawford anMichian, 1978). In this context,
appropriation concerns arising from contractualandg become a central consideration. Gulati
and Singh (1998) pick up on this thread, discussipgropriation concerns as an important
determinant of governance structure, while at #n®estime suggesting that coordination costs
play an equally important role. They draw from theganization design literature (e.g.,
Thompson, 1967; Galbraith, 1977) to suggest thirdependence is a particularly important
factor in determining how firms structure allianeationships. Interdependence in an alliance
setting can encompass factors such as sharing eomaptary technologies and production
facilities, as well as joint product developmefite@e are among the activities Gulati and Singh
discuss in measuring interdependence).

The importance of interdependence both among #esvin which firms are jointly
engaged and between the firms’ alliance and noanrak activities stems from the information
processing needs of the interacting firms. In hiscussion of intra-organizational design,
Galbraith (1977: 37) notes that “in order to conade interdependent roles, organizations have
invented mechanisms for collecting information, idew, and disseminating information to

resolve conflicts and guide interdependent actioméormation plays a similar role in alliance

model that more closely mirrors situations invotyitwo distinct and interacting firms. As a resue make
assumptions around the nature of organizationardeppendence and decision making that may be less
appropriate for an intra-firm setting.



settings: just as greater levels of internal inrtpehdence lead to higher task uncertainty and
increased information processing needs within agameation (Tushman and Nadler, 1978),
greater levels of interdependence within and batwhe activities of firms in an alliance lead to
higher alliance-related information processing iseeds a result, alliance design choices are
driven by the need to capture and effectively maraterdependence-related information.
Bounded rationality (Simon, 1945; Cyert and Mart@63) in many ways underpins the
information processing perspective: if actors wamboundedly rational, a single decision maker
could simply optimize across all combinatorial pb#ities; yet with limits on individual
information processing ability, a more decentralizgoproach will likely prevail (Mintzberg
1979). In the context of alliance relationshipgréiore, firms are likely to (at least partially)
decentralize decision making in order to deal witformation flows arising from inter-firm
interdependence. As prior work examining within¥fir organizational structures has
demonstrated, information flows are a core conatttan in optimally configuring organizations,
particularly with varying levels of decomposabil{@urton and Obel, 1980; Simon, 1996). More
generally, just as environmental contingencieseddifferent choices of within-firm organization
(e.g. Lawrence and Lorsch, 1967) we would expeat tto single alliance governance choice
would apply equally effectively across all circuarstes. Varying information processing
requirements associated with different patternsntérdependence between firms will likely
necessitate employing alternative structures teegovhe associated decisions. This discussion

therefore suggests:

= Proposition 1. The pattern of activity interdependence between firmsin an alliance
creates performance differences among different alliance governance modes.

Coordination, exploration and firm performance

To understand how interdependence can influencelitke between governance choice and
performance, we seek to better understand thedehat firms employ to influence performance
in alliance settings. Coordination is one such fettee nature and functioning of coordination
mechanisms and the associated failures to apptelyrieoordinate activities have been a central
set of concerns for both the classic and the meoent organization design literature (e.g.,

Simon, 1945; Galbraith, 1977, Burton and Obel, 19#kin and Siggelkow, 2003). While



many of these studies have focused on intra-firtaractions, work going back to (at least)
Schelling (1960) has discussed issues of coordimasicross multiple organizations. In the
particular context of alliance relationships, Gustd Singh (1998) suggest that firms take into
account coordination concerns in making governanode decisions. Moreover, a recent stream
of alliance research looking at firm adaptation ahd development of routines over time
suggests that the ability to effectively coordinativities among firms can be an important
driver of firm performance (e.g., Zollo et al. (Z)0Gulati, Lawrence and Puranam (2005)).

In addition to the ability to coordinate amongiwdtes, a firm’s ability to explore and
find new activities can be an important driver effpormance in an alliance. Exploration is a core
element of the behavioral theory of the firm (Cyand March, 1963), with search processes
critical to a firm’s ability to adapt and evolve édon and Winter, 1982; March, 1991; Levinthal,
1997). As March (1991) suggests, exploration, aceph captured by ideas such as “search,
variation, risk taking, experimentation, play, flakty, discovery, innovation,” is critical for
organizations. Moreover, search can be explordtomarying degrees, from narrow, local search
to broader search. The drivers of exploration hHa&en addressed in a growing body of work,
with factors such as organizational structure shtiawplay an important role (e.g., Siggelkow and
Rivkin, 2005, 2006 and references therein). Wedbail this work in the present study, while at
the same time shifting the focus to exploratioaririnter-organizational settirfg.

The prior literature suggests, therefore, thatrdioation and exploration have important
effects on firm performance. Moreover, the degreeoordination and exploration that will be
required in an alliance setting is, in turn, likely be influenced by the pattern of inter-firm
interdependence: greater interdependence incretseschallenges of coordination (e.g.,
Galbraith, 1977) and requires a higher degree pfoeation because interdependencies create
more rugged performance landscapes that can cause tb get stuck with very suboptimal

choices (e.g., Levinthal, 1997). This discussiarefore suggests:

2 Our definition of “exploration” refers to organtinal actions related to finding new activity cignirations.
Our use of the term exploration is thus consiskgtit what is more generally termed “search” in piiterature
(see, e.g., Siggelkow and Rivkin’s (2006) discussibexploration). March’s (1991) further distirati between
exploitation and exploration is embedded implicittyour model (see below), as we vary the breafitearch
undertaken by managers from narrow (akin to “exptmn”) to broad (akin to “exploration” in March{4991)
more particular sense).



= Proposition 2a. Different patterns of activity interdependence between firms create
different needs for coordination and exploration in an alliance relationship.

While interdependence patterns create varying nised®ordination and exploration, the
supply of these factors is influenced both by tHkarece governance structure and by
organizational capabilities. More specifically,aliance relationships, a primary consideration is
the degree of autonomy held by the individual firfig/o core considerations in such a setting
are (1) the information flows enabling individuaiters to make decisions, and (2) the over-
arching processes governing these decisions. War tef the collective set of factors that
characterize the underlying information flow andid®n processes as the alliance governance
structure, and suggest that the particular stractumployed influences the supply of coordination
and exploration in inter-organizational relatioqshiWe discuss these structures in more detail in
the following section.

Beyond the particular governance structure employedrnal firm capabilities are also
likely to play an important role. A broad stream tbé organizational strategy literature has
focused on the role of capabilities in the formatigovernance and performance of collaborative
relationships (e.g., Kale, Dyer and Singh, 2002jaZet al., 2002; Colombo, 2003; Leiblein and
Miller, 2003; Mayer and Salomon, 2006). In this @gpve conceptualize capabilities as a set of
factors that enable an organization to engage,aiying degrees, in the search for better
configurations of performance-relevant activitidde use the term “organizational search
capabilities” to denote these factors in our cohealpframework and simulation modeBuch
capabilities represent the end product of investsméy firms in their ability to generate new
ideas and evaluate alternative courses of actisra result, these capabilities may be static in the
context of an individual alliance relationship, badjustable over time as firms alter their
investments in decision evaluation resources. @tssussion thus suggests that as firms seek to
respond to the coordination and exploration needéng from inter-firm interdependence they
will draw on the joint effects of governance mo@esl organizational search capabilities. As a

result, we have:

% We defer a more detailed discussion of these ditjEbto the Simulation Model section, where wesdribe
the particular types of such capabilities we maul¢his paper.



= Proposition 2b. Different governance structures and organizational search capabilities
supply different degrees of coordination and exploration in an alliance relationship.

Finally, as much of the organizations literaturgy(eLawrence and Lorsch, 1967; Galbraith,
1977; Burton and Obel, 1995; Volberda, 1996) ctiNety indicates, higher performance stems
from situations in which firms are adequately egenqb to deal with the demands arising from
their particular form of interdependence. As owgtdssion has suggested, in the case of alliance
relationships, coordination and exploration areecoonsiderations. Moreover, as Tushman and
Nadler (1978: 619) note, “too much capacity willleelundant and costly; too little capacity will
not get the job done”. Thus, firms in an alliancdl e more likely to achieve higher
performance when they are able to strike a balarbgeen the needs and supply of coordination

and exploration. This discussion thus suggests:

» Proposition 3. Firm performance in an alliance relationship improves when coordination
and exploration needs are matched with the degree of coordination and exploration
supplied.

The conceptual framework illustrated in Figure Inmarizes our discussion thus far: The
demands for coordination and exploration are inféreinfluenced by the pattern of
interdependence among the activities in which ihasf involved in the inter-organizational
relationship are engaged. As interdependence iseseao too will the need to coordinate actions
among firms; similarly, a higher degree of interelegence will create greater landscape
complexity, necessitating higher levels of explomt (e.g., Levinthal, 1997). While
interdependence has implications for coordinatind axploration demands, governance mode
and organizational search capabilities have suppplications for these factors: mode choice
affects the nature and extent of coordination amfirmgs, as well as the ability of firms to
explore their environment. Likewise, organizatiorsglarch capabilities affect the supply of
exploration and, in the interplay with the chosenegnance mode, coordination. We turn in the
next section to describing a simulation model grables us to explore this framework in greater

detail.



SIMULATION MODEL

To develop our simulation model, we build on andee® prior work that has used tiNK
framework (Kauffman, 1993) to model firm decisioraking (e.g., Levinthal, 1997; Lenox,
Rockart and Lewin, 2006). This literature generatwisions firms as sets of interdependent
choices, an approach characteristic of an actsystems view of organizations (Porter, 1996;
Siggelkow, 2001, 2002). In particular, a firm iseseas having to resolve a setNf‘policy
choices.’ For instance, a firm may have to decitietiver to increase its product variety, whether
to engage in various marketing campaigns, or whetih@ncrease its budget for sales force
training. TheNK model further assumes that the benefit that isveléfrom each policy choice is
affected byK other policy choices. For instance, the value #maincrease in product variety may
generate could depend on whether the sales foscéden recently trained, or not. In sum, each
unique configuration of th& choices generates a particular performance vdlbes, we can
imagine a performance landscapeNdril dimensionsN ‘horizontal’ dimensions representing the
space of all possible alternatives for each ofNheolicy choices, and one ‘vertical’ dimension
representing the performance level resulting fraacheoverall choice configuration (of tie
decisions). Landscape complexity depends on inierecamong the policy choices, and firms
search the landscape attempting to move to higkedonmance levels by altering individual
choices.

The two principal components dIK models are thus (1) a mechanism to create
performance landscapes (i.e., the mapping fromcelsdio performance), and (2) a set of decision
rules that describe how firms search the lands@iage how firms generate and assess alternative
choice configurations). In describing our model, feeus first on extending the concepts of
interdependence and performance landscapes to-firtwsetting. We then discuss our model of

search and governance in this context.

Patter ns of inter dependence

We model two firms interacting within the contextam alliance relationship. Firms 1 and 2 are
each composed of a set of binary policy choicexlviate denote aB; andF,. We decompose

the policy choice sets of each firm into two graugds non-alliances choices under the control of
the respective firm and (2) choices that are phth® alliance relationship. For Firm 1, we thus

haveF; = {N;, A}, whereN; represents the set of non-alliance choices,fandpresents the set
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of alliance-dedicated activities in which Firm 1 emgaged. For example, an R&D alliance
between two technology firms might consist of jowdrk towards a particular product. Choices
with respect to this R&D alliance that Firm 1 hasrésolve, e.g., whether or not to dedicate a
particular engineer to this alliance, would be ulgigdd inA;. Other choices that do not fall into the
province of the alliance such as how much to inwediranding an existing product would be
included inN;. We denote the number of policy choices in $gtendA; with n; anda;, and
define analogous values for Firm 2. The total nundbgolicy choices in the system of two firms
is thusN = n;+a;+ay+n,.

Having defined the policy choices for each firm, ean define the pattern of interactions
among them. Figure 2a illustrates an interactiotrisnéor two firms with n;=4, ay=2, a,=2, and
n,=4. The matrix specifies which policy choices dfeaed by which other choices. Aqin row
i, columnj, signifies that the resolution of t§8 policy choice affects the value of tH&policy
choice. Using this matrix, we can specify exactlyiah policy choices affect which other policy
choices. For instance, in the example given infeéa,d; is affected by, throughds. Likewise,
do is affected byds throughd,,. For ease of notation, we denote individual polegisions byd;,
wherei is indexed from 1 tdN, and sequentially number the decisions in the Ngt8,, A,, and
N,. Thus for Figure 2a, we hawy=(d;,dz,ds,ds), A1=(ds,ds), A=(d7,dg), andN,=(dg,d10,011,d12).

We further define the full vector of decisions hretentire system of the two firms ds= (d,,
dy,..., dn). Since decisions are binaryis thus a string o 0’'s and 1's.

To analyze the role played by different patterns imferdependence on optimal
governance mode choice, we construct a set of fapeterdependence patterns. These patterns
follow a logical sequence, increasing in overalhptexity, with the differences between any two
consecutive patterns arising from the addition pheticular type of interdependence. Figure 2b
shows the patterns we use, with shaded areas espires the presence of interactions. (Each
shaded “box” in Figure 2b is completely filled wi's.) We model a system of 12 policy
choices withn,=4, a,=2, a,=2 andn,=4. Pattern 1 is “fully decomposable,” i.e., it hateractions
occurring solely within each group of policy cha@c&or instance, choicesiy only affect other
choices inNg; similarly for choices inA;, Ay, and N,. Pattern 2, “pure alliance interaction,”
introduces interactions among the alliance chadéelse two firms, i.e., betweefy andA,. Thus,
in this pattern all the activities within the allige affect each other, but none of the alliance

activities interact with any of the non-alliancetiaties. Pattern 3, “firm-alliance interaction,”
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introduces interactions among all the alliance amal-alliance choices within each firm. Thus, in
this case, choices withidy, andA, interact with choices withiiN; andN,. All activities within the
alliance continue to interact with each other. (Pla¢tern depicted in Figure 2a corresponds to
Pattern 3.) Lastly, in Pattern 4, “full interdepende,” all activities, even the non-alliance

activities of the two firms interact with each atfe

Perfor mance landscapes

We turn next to the mechanism for assessing pedoce in our model. Prior literature (e.g.,
Levinthal, 1997; Rivkin and Siggelkow, 2003) hagdishe ‘contributions’ of individual policy
choices to describe performance inNt setting. We follow a similar approach. For eachgyo
choiced; in our system, we construct a contribution valuection, C;. The contribution value
function takes as arguments each oflkhé choices affecting; (this includeg; itself, as well as
the otherk; choices affectingl as defined by the interaction matrix). Each cbuiibn value
function C; is constructed as follows: for each unique comigion of policy choicel; and thek;
other choices affecting it, we draw a random ‘ciitiion value’ from the uniform distribution
[0,1]°> Once all possible contribution values for eachividdial choice are defined, the
performance for any particular set of policy chsie® computed as the sum of the contribution
values associated with these choices.

To reduce statistical artifacts that could arigerfrthe stochastic nature of the landscape
generation process, we normalize performance byhighest value possible on any given

landscape. Let* be the policy choice configuration that leadshe highest performanda*,
ie., M*= ZilflCi (d*). Then, for instance, if the performance of Firiis fietermined only by the
contributions of the first six policy choices, thperformance of Firm 1 for any choice

configurationd is given byz;Ci (d)/l‘l * . In the case of an alliance between Firm 1 anch Rir

* While this set of patterns is not exhaustive @f fil set of possible interdependencies, theysafécient for
our purpose in that they enable us to create vanyipes of coordination needs that we can theresyatically
examine.

® As an example, if the interaction matrix has 8 Ksowi (including the X in columi), then the contribution
value functionC; can take on %256 possible values fa; depending on how the vectdris configured (i.e.,
Ci(d) will depend only on the values of the 8 choiceted by X’s in the interaction matrix).
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involving policies 4 through 8, Firm 1's performa&nwould be determined by the contributions
of both Firm 1’s non-alliance policy choiced, throughd,) and by the policy choices of the

alliance (s throughdg). For instance, if Firm 1 obtains portian of the alliance performance,

Firm 1’s overall performance would be compute{@ilcl. d+ az;@ (d)j/l‘l *

Agents and sear ch capabilities

We turn now to the set of decision making rules gwvern agents’ behavior in our simulation.
We define an agent as a decision maker having atyttover some subset of policy choices in
the two-firm system. For instance, a particularrageight have authority (and care about the
performance of) all of the non-alliance activitifs=irm 1. One should note that we use the term
“agent” for expositional simplicity. An “agent” iour model need not be (and in practice rarely
would be) a single person. An agent in our modéhésrelevant “decision-making-body” that is
responsible for making decisions concerning a $etctivities, and thus could be a steering
committee, a set of managers, etc.

For a given simulation run, we begin by placing tigents at a random point on the
landscape (i.e., assigning random starting valoetheir policy choices). In each subsequent
period, the agents make decisions whether to tiieepolicy choices under their control (i.e., to
change a policy from a 0 to 1, or vice versa). Tikislone by evaluating a set of possibilities,
which is influenced by the organizational searcpatdities, and selecting the best option from
this set. The determination of what constitutesdest option’ is, as we will describe below,
dependent on the particular governance structugéorB discussing the governance structures in
more detail, we describe our conceptualization rganizational search capabilities, which we
model as the ability of agents to generate anduatalalternative configurations for the set of
policy choices they control. This set of parametaa be thought of as the degree to which
organizational decision-making units are endowelth wesources necessary to make decisions in
an alliance context.

We model two dimensions of such capabilities: (i¢ ability to make simultaneous
decisions over a larger vs. smaller number of thiey choices controlled, which we term the
‘search radius’ as per prior literature (e.g., 8iggw and Rivkin, 2005), and (2) the ability to

evaluate a larger vs. smaller number of alternativea given period.
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For the search radius (parameter SR), we modeta @ase in which agents can change
only a single policy choice in each period (SR =d9 well as a more complex case in which
agents can change up to two policy choices simedtasly in each period (SR = 2). For the
number of alternatives (parameter ALT), we modekae where agents only evaluate a single,
randomly chosen alternative in each period (ALT)=ak well as a more complex case where all
alternatives that lie within the search radiuseraluated (ALT = max). For example, assume an
agent controls three policies that are currentlyfigored as 000. If the agent’s search radius is 1,
and she evaluates all alternatives, she consid€rs01L0, and 001. If she evaluates only a single
alternative, she will randomly pick one of thesg,,e010. If her search radius is 2, she can also

consider options that are different from the cur@nfiguration in two policies such as 110.
this case, were she to evaluate all alternatieeirsearch radius, she would evalyae+>C

= 6 alternativesln sum, we model four different levels of orgamtiaaal capabilities. Level A:
SR=1&ALT =1; Level B: SR=1&ALT = max; Lel/€: SR =2 & ALT =1, Level D: SR =
2 & ALT = max.

Governance modes

We turn next to the different governance modeschvidetermine the specifics of the decision
making process. We construct these modes alongifimensions: (1) number of decision makers
(agents), (2) order of decision making, (3) mettised to evaluate the implications of choices,
and (4) nature of oversight and hierarchy aroumddicision making process. These dimensions
represent key elements of organization and alligessgn (Simon, 1945; Galbraith, 1977; Reuer,
2004), enabling us to create a range of governanodes that differ in the underlying
information flow within and across organizationse Wiscuss the motivation underlying each
dimension and the resulting governance modes iretim@inder of this section.

The number of decision makers in the system isngortant dimension of variance in
structuring alliance governance. Since we are nioglel two-firm system, having two separate
decision makers, one for each firm, is a naturakhae. Alternatively, a more integrated level of
governance might entail having a single decisiokenawhile a situation in which there are two
decision makers for the firms, along with a thietidion maker for the alliance function, would
be a natural characteristic of hybrid governangen$o A three-agent model might thus have a

decision-making body specific to alliance policyates (e.g., a joint committee from both firms
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managing the alliance activities). As a second dsran of variance we consider the question of
how decision making is ordered, i.e., who getsrpyion the decision making process. Decision
making order has implications for information flomithin organizations, and as discussed in
depth in the previous section, such issues ardylikce be central to the governance of inter-
organizational relationships.

The third dimension of variance relates to the icetused by individual agents to make
decisions. Such decision metrics can be thoughsdhe incentives for individual organizational
units, which derive from the particular contractéedtures of the alliance (e.g., Robinson and
Stuart, 2007). We model decision metrics (whichdetned solely by the governance mode) as
the set of contribution values an agent takes actmunt in making choices. As an example, in
one particular governance mode an agent will cemsjdst the contribution values of the
decisions over which she has control. In an alterigavernance mode, the agent will consider
not only the contribution values of her own deaisiobut also some portion of the contribution
values of other agents’ decisichs.

Finally, the fourth dimension of variance we colesiis the nature of hierarchy among
agents in the model. Alliances can incorporate ef@msof hierarchical governance (e.g., Hennart
1993) such that decisions taken by one agent reée ratified by another before they can be
implemented. Such hierarchy can, like the decisietrics, derive from the particular contractual
arrangements of the alliance. It is different, hegrein that it describes the overall organization
of decision-making within the organization, ratliesn the more narrowly-prescribed underlying
incentives for individual agents.

Having described the four dimensions along which wedel the governance of a
particular relationship, we now describe the goaaoe structures we use in our analysis (Figure
3). We model four structures, which we term ‘moduléself-governing alliance’, ‘ratified
alliance’, and ‘integrated’. The modular and intggd forms lie at opposite ends of the

governance spectrum. With the modular form, theeetao agents, each controlling the policy

® Defining agents’ decision metrics in this way ifeplthat we abstract away from a direct analysitactors
such as shirking that may result from, for exampiieder-enforcement of contracts. Although agentsaco
opportunistically in that their profit calculationensider only their own pre-defined set of conttidn values to
the possible detriment of the other agents andybtem as a whole, we do not directly model situetivhere
issues of trust are at play, or where agents direetek to mislead. This is consistent with theiorobf self-
interest in, for example Klein, Crawford and Alahi&l978), but may not include the ‘guile’ componeifit
Williamson’s (1975) definition of opportunism, wieethere are hazards associated with the contsadt it
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choices of either Firm 1 or Firm 2 (thus, in ourdab six policy choices for each agent). These

agents make choices simultaneously, and only censie profits for their own firm in making
decisions,ziilci (d)/l'l * and zi1:27Ci (d)/l‘l * , respectively. This is a simple case of an arms-

length inter-organizational relationship with nerf@l decision making structure to govern joint
activities. At the other end of the spectrum, weehthe integrated mode, where a single agent

manages choices for both Firms 1 and 2 (thus, tB2 policy choices in our model). In this case,
the agent takes into account the total combineéitmbFirms 1 and Z,ZilflCi (d)/l'l *, and the

individual firms thus operate as a quasi-integratetity.

In addition, we model two hybrid alliance formsttof which have an alliance manager
who manages the alliance choices (the four chaitése setsA; andA; in our model), while
agents for Firms 1 and 2 manage the non-alliancgcebd of the two firmsN; and N;

respectively). In both cases, the alliance functtakes into account only its own profits

Z;Ci (d)/l'l* when making decisions. Each individual firm, inntutakes into account the

profits associated with its own choices, along vaithortion ¢ ) of the alliance profit (we set

to % in our analysis), i.e.,(Z;Cj(dﬂ;Z?=5Cj(d)j/n* for Firm 1 and

(212 CA(d)+;Z?:5CZ} (d)j/l'l* for Firm 2. The main difference between the twbaate

=9 i

modes lies in the degree of importance placed eragendas of the individual firms relative to
the agenda of the alliance. In the self-governilligrace mode, the alliance agent is allowed to
move first, and the agents for Firms 1 and 2 maeosd, knowing the alliance’s move in the
current period. Thus, in this governance modeatienda of the alliance is given a high priority.
By contrast, in the ratified alliance mode, the ragefor Firms 1 and 2 move first,
followed by the alliance agent, who knows the clsiemade by the two firms in the current
period. The alliance agent, however, cannot diyegtplement changes in policy choices. Rather,
the agent ranks the available alternatives andss#mns ranked set to the two firm agents, who
must ‘ratify’ the alliance agent’s proposals. Ra#fion requires that both firm agents accept an
alliance proposal; a firm agent accepts a propibshe proposal does not reduce profit for the

agent (conditional on the move the agent alreadyenad the start of the period). In this case, the
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agendas of Firms 1 and 2 come first, and are atedufor as the alliance proposals are

considered.

RESULTSAND ANALYSIS

We begin this section by explaining our analytiprmach and presenting a number of initial
results. We then focus on interdependence, goveenaimucture and capabilities in more detail,
outlining how these factors impact the demand apgly of coordination and exploration. In this
context, we develop a set of metrics for coordoratand exploration that allow us to more
precisely show the underlying mechanisms at worith\ihese metrics, we then discuss the
mechanisms underlying the relationship betweenap@te governance choice and patterns of

interdependence.

Analytic approach and motivating results

We conducted a broad range of simulations aimednderstanding the implications of joint
variation in interdependence, exploration abilibdajovernance mode. As noted previously, we
model a 12-policy choice system of 2 firms in whigf+4, a;=2, a,=2, andn,=4. Since the
system itself, along with the factors we modeldlike patterns of interdependence), is symmetric
for both firms, the performance results for the fimms in the system are equal when run over a
large number of landscapes. To facilitate comparigith the integrated structure (which is
comprised of all 12 policy choices), we report esufor the full system. Performances of
individual firms are simply %2 of the values repdrter the entire system.

Each ‘period’ in the simulation consists of the @stgemaking a set of decisions with
respect to their activities as per the governanedennder which they are operating (see Figure
3).” We run the simulation for 200 periods on a givemdiscape in order to observe the long-run

performance of the firms in the system. To enshet¢ bur results are not driven by statistical

" For example, with the Ratified Alliance mode, fodowing happens within a single period: the agefur

Firms 1 and 2 simultaneously make a decision wepect to their activity sets;Mnd N; the alliance then
evaluates alternatives for their activity setAy (taking into account the new choices within &hd N) and

sends a ranked set of the alternatives to the sdenfirms 1 and 2. Finally, the Firm 1 and 2 agatecide
whether to ratify the choice made by the alliance.
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artifacts, we repeat each simulation 10,000 tinfésis any reported performance value for a
particular time period (e.g., period 200) on aipatar pattern of interdependence is an average
over 10,000 simulation runs (i.e., landscapes).gémeral, except where explicitly noted
otherwise, reported performance differences ar@sstally significant at the 1% (or lower)
confidence level.

We begin the analysis by examining the performanteomes of the various governance
forms under Pattern 1, the fully decomposable pattégure 4 illustrates the performance of the
four governance modes on this interdependence rpafte the four different levels of
organizational capability. For capability level Aafrow search radius and one alternative
evaluated in each period), in the short run, thiegated mode has the lowest level of
performance, while the alliance modes perform b@sir this pattern, the two alliance modes
generate the same performance; hence their limemdistinguishable in the Figure.) In the long
run, however, each of the governance modes cornwdmge¢he same level of performance. A
broadening of the search radius (moving from cdipplevel A to level C) preserves the relative
short-run differences between governance modese whabling each of the modes to arrive at a
higher long-run level of performance. An increasdhe number of alternatives (moving from
level A to level B, or from C to D) increases theeed with which the governance forms
converge to the long-run maximum, yet does notaffee level of the long-run performance.

The Pattern 1 results are directly linked to itsaieposable nature, i.e., to the fact that there
are no interdependencies either between the inditiirms and the alliance, or between the
firms themselves. As a result, performance speddusn by the number of agents in the system,
since each agent is able to act in parallel andpgaddent of the others. The integrated structure,
which relies on one central agent to make all dewss thus has the lowest short-run
performance, while the two alliance forms, eachmbich has three agents who can work in
parallel, have the highest short-run performand¢e modular form, with two agents, falls in the
middle. In the long run, however, given that theteyn can be fully decomposed, each mode
eventually arrives at the same performance levehn@es in organizational capability operate as

expected: an increase in the number of alternaiive®ases the speed with which each mode
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increases its performance, while an increased lse@adius enables all firms to reach higher

performance levels over tinfe.

Turning next to Figure 5, we examine the perforneaoicthe different governance modes
on Pattern 4, the fully interdependent pattern)yapg the same varying levels of organizational
capabilities as before. Here, the results are mmaoke complex. Turning first to the case of
capability level A, we see that in contrast to t&ttern 1 case, performance across the four
governance modes differs in the long run. In addjtmodes vary in their relative performance
over time. The integrated mode initially outperfaritine other three modes; in the long run,
however, it is the lowest performing mode. The ntaduform, by contrast, initially
underperforms, but is the best in the long runehiise, as we vary organizational capabilities,
we can observe complex changes: an increase gr eglarch radius or the number of alternatives
that are considered in each period is benefici#h¢éantegrated form in the long run. By contrast,
the modular form suffers as organizational capidsli are increased along either of these
dimensions. Lastly, while the self-governing altarnoutperforms the ratified alliance when the
number of considered alternatives is high (capgbiéivels B and D), the ratified alliance has
higher performance, at least in the short run, witensearch radius is high and the number of

considered alternatives is low (capability level C)

The results of Patterns 1 and 4 illustrate sevaoalts. First, we find initial support for
Proposition 1: patterns of interdependence can hasignificant impact on the relative value of
individual governance modes. Second, once the rpaté interdependence is not simple
anymore, the relationship between governance madeparformance is not trivial, especially
when one takes into account different levels ofaargational capabilities and measures

performance at different time points. To gain adyainderstanding of the results, and to identify

8 Since interdependencies exist within the set tifities each manager controls (e.g., withif),Neach manager
still may get stuck on a local peak within her ‘dabdscape.” An increase in the search radius exltice
probability that managers will get stranded on doeh local peaks, and hence increases long-rufopeance .
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the underlying mechanisms that create this comgétof findings, it is helpful to return to our
conceptual model of coordination and exploratianpérticular, we will describe in detail the
demands that different patterns of interdependesreate with respect to coordination and
exploration and how well the different governancedss match these demands. As we will
show, the degree to which coordination and exglmmademands are matched can help explain

observed performance heterogeneity.

Coordination and exploration as underlying mechanisms

To study the effect of interdependence patternstian performance created by different
governance modes, we focus on how particular pettediffer systematically in where
interdependencies occur: between alliance and Hiamae choices; within alliance policy
choices; and between the non-alliance choices ef ttho firms. These three classes of
interdependencies create three corresponding diorensof coordination demands: (1)
coordination between the individual firms and thieace; (2) coordination within the alliance
itself; and (3) coordination between the non-attemctivities of Firms 1 and 2. As summarized
in Panel A of Table 1, the only coordination reqdiby Pattern 1 is among a few choices within
the alliance, i.e., within Aand within A. Pattern 2, which contains also interactions betwé&e
alliance activities of the individual firms (i.eoetween A and A), requires more intra-alliance
coordination. Pattern 3 requires additional coation between the individual firms’ and the
alliance activities. Finally, Pattern 4 demandsrdowtion between the non-alliance activities for
Firms 1 and 2 as well.

Patterns 1 - 4 not only differ in their locatioos interdependencies, but also in the
number of interdependencies. Generally, the latigernumber of interdependencies, the more
“rugged” a performance landscape becomes, i.emthre local peaks it contains (e.g., Levinthal,
1997). (A policy configuratiom is a local peak if all policy configurations thdiffer from d in
only one policy choice have lower performance.) Tigher the number of local peaks, the
higher the risk of getting stranded on a low-perfimg local peak; and consequently, the higher
the level of exploration needed to reach high parémce. As a result, the number of local peaks
that are contained in a landscape is a good medsurexploration demands. The right-most
column of Panel A of Table 1 contains the numbetoctl peaks for each interdependence

pattern. As expected, the number of local peak®ases from 18 for Pattern 1 to 315 for Pattern
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4. (For comparison, a landscape with 12 policy cb®ihas ¥ = 4,096 possible policy
configurations.) In sum, the patterns differ in tigpes and degree of coordination, as well as the
degree of exploration they demand.

We now turn our attention to the different goverte modes. Variation across these
modes along the four key design dimensions (nundbesgents; order of decision making;
decision evaluation metrics; and oversight andanéty) generates substantial differences in the
types and degree of coordination. To facilitate parison with the different types of
coordination that are demanded by the differer¢rdgpendence patterns, Panel B of Table 1
summarizes the coordination that is supplied bydifferent governance structures along the
three coordination dimensions (individual firm-afice; within alliance; and between Firms 1 and
2).

The modular mode supplies very little coordinatialong any of the coordination
dimensions. Non-alliance activities are completatycoordinated between the two firms as
decisions are made simultaneously and purely inugrgly of one another. Likewise, the
modular mode has very little within-alliance coowion. Since own-firm alliance activities are
controlled by each firm (for instance Firm 1 cotgrd; and @), a limited amount of coordination
is created between at least a subset of alliantbétes (i.e., Firm 1 coordinates betweenahd
ds, and Firm 2 between;&nd @). Similarly, only limited coordination occurs beten alliance
activities and the non-alliance activities of edictn. For instance, Firm 1 coordinates between
di;-ds and ¢ and @, but ignores the interactions betweegrdgland ¢ and d.

Within the self-governing alliance, strong cooation is achieved among the alliance
activities, since they are all controlled by a fnglliance agent. A small amount of coordination
also occurs between the non-alliance activitiesthadlliance activities. This coordination arises
from the sequential moves within a given period &min the individual firms’ taking into
account a portiona) of the alliance performance in making their decis. Thus, when firm
managers make decisions concerning the non-alliactbéties, they would not implement policy
changes that (drastically) undermine alliance parémce. No coordination, however, is achieved
between the non-alliance activities of both firms.

The ratification alliance mode adds more coordamat here, in addition to the
coordination sources mentioned for the self-govegralliance mode, the additional ratification

step adds greater coordination between the ncema#i policies and the alliance, since the
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alliance is not allowed to implement choices thaghtnbe very detrimental to one of the firms.
Finally, the integrated mode, with a single decismaker, achieves full coordination across all
decisions.

To measure in our simulations the amount of coatthn that is provided by the various
governance modes given a particular interdependeaitern and organizational capability level,
we observe the number of times that a coordinatdnre occurs. We measuc®ordination
failures as incidents in which total profits decline frohetprior period. Thus, in such a period,
the various agents implemented policy changesith#teir entirety reduced overall profits, a
clear form of coordination failure.

We now turn our attention to exploration. Explaratis affected by both the governance
structure and the organizational capability le@fferent structures create different degrees of
exploration by imposing higher or lower levels @cdion-making constraints on agents. In the
modular case, for example, the two agents act purdependently, without regard to the effects
that their actions may have on the other firm’dqrenance. Such independence can result in very
high exploration. In contrast, the integrated firalways having to take all ramifications into
account, tends to be much less explorative. Exptorasupply for the alliance modes lies in
between. The self-governing mode creates exploratimugh the unfettered alliance agent, who
is allowed to move first and implement choices franpurely parochial point of view. The
ratified alliance structure, one would expect, edess exploration. In this case, while the
alliance is still allowed to make parochial evaloas of alternatives, the ratification step

dampens the exploration the firms engage in. ThpRanel C summarizes this discussion.

The effects of organizational capabilities on exalion are straightforward at the level of
individual agents. An increase in the search ramiasgases the range of possible alternatives that
an agent might consider, and thus increases exjord.ikewise, an increase in the number of
alternatives that an agent considers increasésasitin the short run, the area of the landscape a
agent might explore. How an increase in exploratibthe level of individual agents translates,
however, to exploration at the level of the orgatian can be less straightforward. For instance,
as Siggelkow and Rivkin (2006) have shown, incredseexploration at a low-level within a

hierarchical organization can backfire and creass exploration for the organization as a whole.
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To measure in our simulations the degree to whigbloration is supplied by different
combinations of governance structures and orgadoirt capabilities for different
interdependence patterns, we create two meagueresnt of choices evaluated, and number of
sticking points. We construct theercent of choices evaluated by calculating the total number of
different contribution values (8) considered by agents in the system over time, @ividing
this by the total number of contribution valuesttéaist for a landscape. (For instance, Pattern 1
involves 144 contribution values while Pattern 4oives 49,152 contribution values.) The
second exploration metristicking points, measures the number of points on the landscape fr
which the firm will not make a move (Rivkin and §alkow, 2003). Higher values of this metric

suggest a governance structure-capability comloinahat is less prone to broader exploration.

Optimal gover nance with varying inter dependence

Armed with a more detailed understanding of expiora and coordination supplies and
demands, and with our battery of coordination axplagation measures, we now return to a
more in-depth discussion of the Pattern 1 and dliteedNe begin with Pattern 1; Table 2 reports
the performance results for Pattern 1 at periodsrid 200, along with the metrics discussed
above for exploration and coordination. We begin rimting that this pattern, being fully
decomposable, requires little coordination and @gtion. On this pattern, for any given level of
organizational capability, all governance modedqgoer equally well in the long run, reaching
the same level of performance over time. Thereims®@nces, however, in which performance
differs across modes in the short run.

To understand the sources of the performancerelifées, we turn to the metrics for
coordination and exploration. As the right-mostumoh of Table 2 indicates, none of the
governance modes experiences any coordinatiorrdadln this pattern. As a result, performance
variation is solely driven by differences in expltbon generated by the different modes. As a
matter of fact, the performance ordering of ther fgovernance modes in period 10, for all levels
of organizational capability, is exactly the oraerialong the exploration metrigercent of
choices evaluated by period 10. For instance, for capability level tAis exploration metric is
lowest for the integrated mode at 25%, and highasthe self-governing and ratified alliance
modes at 40%, with the modular mode in betweerb%. 3 his is consistent with the ordering of

performance values at period 10.
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The performance benefits in early periods fordah@nce modes illustrate the benefit of
splitting activities among different agents in thestem; because the various activities can be
easily decomposed in this pattern, a larger nurabagents who can work in parallel results in a
higher degree of exploration without resulting moination failures across activities. In the
long run, however, at Period 200, the four goveceamodes reach the same level of exploration,
and indeed the same level of performance.

With this simple pattern of interdependence, insesain organizational capabilities also
create expected effects. An increase in the seadihs (moving from capability level A to level
C) leads primarily to an increase in long-run erglion and, consequently, to higher long-run
performance levels. Thaercent of choices evaluated metric increases from about 45% in level A
to about 81% for level C; likewise, the number t€lsng points decline for all governance
modes from about 18 to 2. At the same time, areas® in the number of alternatives considered
(capability levels A to B, and C to D) results painty in increased speed with which the various
governance modes converge to the long-run perfacenéavel. With capability levels B and D,
for all governance modes, the measures of exptoratnd performance are essentially identical

between periods 10 and 200.

As we had seen previously, results for Patterthd,fully interdependent pattern, are
much more complex. Pattern 4 requires a high degfelgoth coordination and exploration.
Moreover, as argued in Table 1, the different goaace modes differ widely in both the
coordination and exploration that they provide. Wegin our discussion of Pattern 4 with
capability level A. In this case, in the short mperiod 10, the integrated form has the highest
performance, followed in order by the ratificatiaelf-governing alliance and modular forms.
The coordination failures metric mirrors well our previous discussion of mination supplied by
the various governance modes (recall Table 1, F&né¢he integrated mode provides the highest
degree of coordination (0 coordination failuresjldwed by the ratified mode (on average 3.1
coordination failures), the self-governing modeO(®ailures), and the modular mode (10.3
failures). It is interesting to note that in thisse coordination failures predict short-run
performance remarkably accurately. Moreover, timdifg holds for all capability levels. Even if

a firm has higher short-term exploration, coordmatappears to trump in the short run. For
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instance, as in Pattern 1, both the ratified amdsilf-governing modes have higher short-term
exploration than the integrated mode due to thallehrsearch processes that they are able to
engage in. However, more search, if uncoordinatetikely to lead to some changes that are
performance detrimental. These changes are patigularmful in the short run, since firms do
not have enough time to potentially undo these dagdtive adjustments. As a consequence, the
integrated firm, despite its smaller degree of stemm exploration, outperforms the ratified and
self-governing (and modular) modes in the short run

The explanation of long-run results is more coogikd as both coordination and
exploration play critical roles. In the long rungnis have to engage in both to have high
performance, yet tradeoffs arise. As the explonaéiod coordination metrics in Table 3 indicate,
there is a general tradeoff between exploration @mtdination: the modes that create much
exploration, such as the modular mode, also cr@atey coordination failures, while the modes
that are good at coordination, such as the intedrahode, are less able to create broad
exploration.

Coming back to the results for capability levelwe can observe that in the long run the
short-run performance results are exactly reversedhe long run, the modular mode has the
highest level of performance, followed by the ggif«erning alliance, and the ratified and
integrated forms. The two long-run exploration meas percent of choices evaluated at period
200 and the number daficking points) both confirm our previous discussion of explarati
supplied by the various governance modes (recableTa, Panel C). For instance, while the
integrated mode has 315 sticking points, the modolan only gets stuck on about 84 points.
Likewise, the modular form evaluates in 200 periatt®ut 590 different contribution values
(1.2% of all possible) while the integrated fornoks at only 246 (0.5%). The differences in
exploration are reflected in performance, as is tase, the long-run exploration metrics predict
well the performance ordering of the governanceesod

This direct match between long-run exploration komd)-run performance does not hold,
however, for all levels of organizational capapilifs organizational capabilities are increased,
their effects on coordination failures and explomat differ across governance modes.
Consequently, the relative balance of exploratioth @oordination that is supplied by each mode
changes. For instance, an increase in the seadibisrar the number of alternatives is an

unambiguous good for the integrated mode. Coordindtilures are unaffected (they stay at
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zero) while exploration increases. As a resultfggerance increases as capabilities increase. For
all the other governance modes, however, incre@sesrganizational capabilities are not
unambiguously beneficial. Generally, an increaserganizational search capabilities increases
exploration but also increases coordination fagufehe more broadly managers search and the
more alternatives they evaluate, the more likely that at least one manager (within the firms or
within the alliance) will implement a change thafperformance detrimental for the other agents
in the system. For instance, for the self-goverrahignce, coordination failures increase from 6
(with Capability Level A) to 22 (for Capability Lels B and C) to 32 (for Capability Level D).
Similar patterns can be observed for the ratiftcatand the modular modes. The impact of
increasing search capabilities at the level ofapents on long-run firm performance is, hence,
ambiguous. For instance, while the modular modeeases its exploration dramatically between
Capability Levels A and D (the number of stickingrs falls by a factor of 10 and the number
of choices evaluated increase by a factor of 19)0ordination failures also increase by a factor
of 7. As we had seen in the short-run results, abrdination failures are too prevalent,
exploration does not yield performance benefitsilevit is helpful to search more broadly, if the
outcome of the search is uncoordinated, firms’grenbinces will suffer. As a result, the long-run
performance of the modular mode actually decredses 0.842 to 0.747 as organizational

capabilities are increased from Level A to Level D.

In sum, the results highlight several key poifisst, as suggested by Proposition 3, the
match between exploration and coordination demandssupply helps explain the performance
outcomes of the various governance modes. In Rattan which little coordination was needed,
performance differences among modes is well expthiboth in the short and the long run, by
the degree of exploration that is supplied. Inétatd, in which coordination demands are very
high, coordination supply plays a pivotal role ixpkining performance. For short-run
performance, it tracks performance perfectly. Forglrun performance, if exploration is very
low (as with capability level A), exploration camuinp coordination in explaining performance
differences; otherwise, coordination again appemrsbe more important in explaining
performance. Second, in the absence of many imgerdkencies, increases in organizational

search capabilities are beneficial for all govengamodes. In the presence of rich interactions,
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however, increases in organizational search capabican backfire. Even though increases in
organizational capabilities may have counterinteiteffects on performance, their effects can be
explained by their consequences on exploration crutdination. While exploration increases
with greater organizational search capabilities,ordmation failures increase as well.
Consequently, performance can suffer.

Results for Patterns 2 and 3 can be similarly ewpth However, rather than discussing
each simulation separately, we summarize our esuinpactly by reporting (in Table 4) the
results of OLS regressions of performance (sumioh A and Firm 2) on our measures of
exploration percent of choices evaluated) and coordination cpordination failures). The
underlying dataset pools observations at eithaogdiO (short-run) or 200 (long-run) for the four
patterns, four governance modes and four capakehtyls.We thus have 640,000 observations
for the short-run and the long-run regressions #xx4 x 10,000 simulations}.o control for
pattern-level influences on performance we inclyddtern dummies for Patterns 2-4 (thus
Pattern 1 is the baseline); to examine the varyolg of coordination and exploration as the
degree of interdependence changes we include dtiemaeffects for these dummies with the
coordination and exploration measures. Since thesenocoordination failures on Pattern 1,
coordination is only interacted with Pattern 3 &adtern 4, so that Pattern 2 is the baseline & thi
case. For a given pattern, the effect of eitheraioation or exploration is thus captured by the
sum of the main effect and the pattern interaction.

The results in Table 4 confirm more systematicallpumber of observations we had
made in our prior discussion. First, as interdepentks increase, coordination becomes
increasingly important: the interaction obordination failures with the pattern dummies, for
example, is significantly greater in magnitude Rattern 4 than with Pattern 3. With increasingly
dense interactions, coordination becomes paramdaunexplaining performance. Second,
exploration is always important, but becomes lessvgh higher degrees of interaction. These
results are true for both the short- and long-muith coordination even more important for
higher-interaction patterns in the long-fURigure 6 illustrates the economic significanc¢hefse

regression results, graphing the magnitude of ttopmance change associated with a one

® All coefficients are significant with p<0.001; iaddition, for each specification, all coefficiensse
significantly different from one another with p<0X) with the exception of the interaction terms
P3*exploration and P4*exploration for period 10, where the significance of the diffece between these two
variables is with p<0.05.

27



standard deviation change in either coordinatiomxploration'® As this figure illustrates, for
denser patterns coordination can become even miticalcthan exploration.

This last result is noteworthy. Most research anwhlue of exploration has stressed the
positive relationship between the value of exploraand the degree of interdependency (e.qg.,
Rivkin and Siggelkow, 2007). While we confirm thislationship, we find that in an inter-
organizational setting coordination may actuallgdiae even more important than exploration.

Exploration per se, when not coordinated, can liaeckf

DISCUSSION AND CONCLUSION

In this paper we have sought to better understamd modes of governance affect the

performance of firms in alliance relationships. Whaollaboration is an important component of

firm strategy, and a growing body of work has fedisn determinants of governance choice in
this setting, there is limited empirical evidenomeerning the link between mode choice and firm
performance. We drew from a body of work that hesdusimulation methodologies to address
issues central to strategy and organization desigtine remainder of this section we review our
core results and theoretical predictions; discgssimptions made in our model; and end with a

discussion of how our study relates to and contieoto the literature in this area.

Results and theor etical predictions

We begin by reviewing our core results, noting hbey relate to the propositions which were
derived from the prior literature, and offering & ®f specific predictions for future work. In
many cases our analysis has enabled us to uncdsg#ioaal nuance relative to the propositions
that can help guide future theoretical and emgdineaearch. Beginning with Proposition 1, we
find that the pattern of interdependence amongttiities of firms engaged in an alliance does
have a crucial impact on the optimal governancecsire. In addition to confirming this

prediction, we also find that the time horizon owshich firms seek to maximize their

19 For ease of comparison, the deviatimerease in coordination failures negative of the coordination failure
effects are shown; thus the figure shows the efiaetone standard deviatidmcrease in exploration, and a one
standard.
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performance has an important effect on optimal gumece as well: as we saw with the fully
interdependent pattern and capability level A (FégB), governance modes that create high
short-term performance may not yield high long-tep@rformance, and vice versa. Thus,
knowing the pattern of interdependence alone maly suffice to decide on the optimal
governance mode.

Consistent with Propositions 2a and 2b, we findt ttee need for and supply of
coordination and exploration is affected by thdgratof interdependence, governance modes and
organizational search capabilities. We discoversid®rable subtlety, however, on the supply
side, as governance choice and search capabititezgct with one another. As we saw in Table
3, increases in organizational search capabildas increase exploration but also coordination
failures. Moreover, the degree to which search lodipas increase coordination failures is
strongly mediated by the governance mode. For nicstawhile the integrated mode was
unaffected, coordination failures in the modulardesoared with increases in organizational
search capabilities. This interaction can make Enppedictions as to which governance mode
provides more coordination difficult. For instanaehile the degree of coordination failures
generally followed the trend we anticipated in Pdhef Table 1 (most coordination is provided
by the integrated mode, followed by the ratifietiaace, the self-governing alliance, and the
modular mode), we found situations in which theifieat alliance actually creates more
coordination failures than the self-governing a&dea. This happens in particular when
interdependencies are numerous and agents evahaatg alternatives (see Table 3, capability
levels B and D}

Finally, consistent with the arguments leading t@p®sition 3, we find that firm
performance in an alliance relationship improveemvicoordination and exploration needs are
matched with coordination and exploration suppli@dr results, however, also reveal that the

match on the coordination and the exploration dsr@nis not always equally important. As the

' The reason for why the ratified alliance has muerdination failures in this case than the selfegaing
alliance is quite subtle. Recall, in the ratifiddaace, the managers of the non-alliance actisitieove first.
Given high interdependency and many alternativesidered, it is likely that at least one managédirfimd and
implement a change that is performance enhancinggdioown firm, but potentially performance destngyfor
the other firm. In the self-governing alliance, @ilBbance moves first. In this case, the allianchieves higher
performance (since they can optimize parochiallg @o not need ratification). This higher performanc
increases the bar for the non-alliance managerfifding a better alternative. (Recall, non-allianmanagers
take 1/2 of the alliance performance into acconnmnaking evaluations). As a result, in this casm-alliance
managers are less likely to find a (parochially)fgenance enhancing move which, given the high
interdependency, could undermine the performantheobther firm.
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degree of interdependence increases, the valueawhd a good match on the coordination
dimension increases. For very high levels of irdpahdence, coordination can actually trump
exploration. Even though high levels of interdepamzk require a high degree of exploration,
unless this exploration is tied to coordinatiorgah be ineffective.

As discussed at the beginning of this paper, egaliresults concerning the performance
impact of alliances are mixed; moreover, theretsxasly limited empirical evidence examining
the performance implications of alternate modegookernance. The results of our model suggest
that clear-cut empirical results may require a gecus on the interaction of factors such as
interdependence, capabilities and governance nhogearticular, our results offer three specific

predictions that could guide future empirical work:

(1) Inthe absence of strong organizational seeagabilities, when activity
interdependence is pervasive, the performance ibehef fully-integrated alliance
governance mode relative to less-integrated modedexline over time.

(2) When activity interdependence is pervasivalliances with weak coordinating
mechanisms, firm performance may decline as fisegarch capabilities become
stronger.

(3) When activity interdependence is pervasive,réfative importance of selecting high-
coordination governance modes as compared to higlom@tion modes will
increase.

Simulation model assumptions

We next discuss several assumptions embedded imodel and elaborate on the implications
for our results (and for future extensions) of xelg some of these assumptions. First, we
modeled an alliance situation with two firms. Itnst uncommon, however, for alliances to

involve more than two firms. In such cases, we wanpect that similar issues of coordination
and exploration would come into play. The main goes then, is how firms can design a set of
governance structures that take into account timeptexities associated with having a greater
number of involved parties. For instance, an appatg methodology for ratifying joint decisions

in such a setting would likely involve a more compket of rules given the larger number of
players. At the same time, we would expect thattre issue is likely to be the same as in a two-

firm setting: how can the need for coordination argloration arising from the pattern of inter-
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firm interdependence be matched with the supplgaafrdination and exploration arising from
inter-firm governance of decision-making and firapabilities?

A second modeling assumption involves the portibthe alliance profit each firm takes
into account in making decisions (the parametein our model). In our analysis, we have
assumed that both firms put equal weight on alegperformance. One might imagine, however,
situations in which the alliance is considered refager importance by one firm than by the other.
How are our results affected in such a situation@ take a first cut at exploring this by
examining our results in the case where Firm 1da®.75 and Firm 2 hag = 0.25 (for the
alliance modes). Re-running our model on Patterasd 4, and focusing on the two alliance
modes (self-governing and ratified), we find thas expected, on Pattern 1 there are no
significant differences between the original, ‘baled’ alliance results and the alternative,
‘asymmetric’ alliance results (due to the lack mtterdependencies between the alliance and non-
alliance activities). With Pattern 4, however, wedf an interesting set of results: alliance
asymmetry reduces the performance of Firm 1 (whi& ©.75 weight), while increasing the
performance of Firm 2, for both the self-governangl ratified modes. The firm with a higher
emphasis on the alliance suffers largely becauseother firm now has a stronger incentive to
implement choices that improve performance of i-alliance activities () but that are
detrimental to the alliance and hence to the diher. (Sincea is low, Firm 2 bears less of the
negative externality it imposes onto the allianddu)s parochial behavior can lead to situations in
which even joint profits are lower than in the syatrit case. These results raise the question for
future research of how firms can create modes wifitactive coordination when firms differ in
the degree to which they consider the joint all@atabe important.

A third modeling assumption relates to the implmas of pre-defining a task allocation
structure. Because we pre-specify the tasks thrapdee the alliance, we are effectively making
the choice of alliance scope exogenous. This chbimeever, is likely intertwined with a host of
other issues related to interdependence, firm cbijed and governance mode. We conducted
several robustness analyses to better understandntplications of thinking about alliance
boundaries in this way. The task decomposition axehused in this paper has been a 4-4-4 split
between Firm 1, the Alliance and Firm 2. We evadatwo alternative task decomposition
structures: a 5-2-5 and a 3-6-3 structure, on whielrexamined the results of the self-governing

and ratified alliance modes. The results suggesdtttie alliance boundary issue can be explained

31



in connection with the governance structures: #seilts of the 5-2-5 structure closely resemble
the modular results, while the 3-6-3 structure ta®aesults that tend to resemble those of the
integrated mode. Thus, while the choice of boumdannay in reality be an endogenous
consideration for firms, we can think about thesemmre continuous versions of the governance
structures. The modes we evaluate, therefore, septaliscrete points among the continuum of
choices available to firms, with task allocationngesubsumed as an issue within the governance
structure decision.

Lastly, we should note that our findings have palalwith results from prior efforts
using quite different simulation methods to add@gmnizational issues. Burton and Obel (1980;
1984), for example, utilize a decomposed lineag@mming methodology (Dantzig (1963);
Baumol and Fabian (1964)) to address intra-firmaargation issues. They find that firm
performance under alternate divisional forms (eMrform vs. U-form) is influenced by the
degree of decomposability of the firm’s underlyieghnology. In particular, their results suggest
that the benefits of the more decentralized M-fatnucture are more apparent for more nearly
decomposable technologies. This relates to our fovding, where on Pattern 1, which is fully
decomposable, the more decentralized ‘ratificatiombde performs better than the more
centralized ‘integrated’ mode (with the oppositaelly true on the less decomposable Pattern
4). It is reassuring to note that different modglapproaches can result in parallels such as these.
On the other hand, different approaches can asd te new insights, as our results linking
variation in interdependencies of various typesthini and across firms and their alliance

activities) with alternate alliance governance &tites suggests.

Contributionsand implications

Our study has a number of implications for theond duture research in this area. The
observation that coordination challenges can tr@xyploration in inter-organizational settings

underscores the importance of evaluating the cgatihimplications of interdependence when
structuring cooperative relationships. This is ¢stest with Gulati and Singh’s (1998) discussion
of coordination as a relevant concern when strugjualliance governance. Moreover, because
we abstract away from the technology and industtgted factors that underlie transaction cost-
related considerations of appropriability (e.gsdpio, 1989; Oxley, 1997) we can focus more

specifically on identifying thesources of coordination and exploration supply, allowingnare
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targeted approach to understanding the tradeo$iscaged with governance mode design. For
example, while some prior work has drawn on argumerelated to capabilities and
interdependence in discussing the determinantsogérgance mode, much of this work has
utilized fairly broad proxies for hierarchical cools such as the use of equity (e.g., Colombo,
2003). Having a more contingent view of the potntnplications of specific governance mode
design considerations (as we attempt to do in pligser) can enable more targeted research
approaches.

A core set of results in this study relates to wWeys in which governance structure
interacts with organizational search capabilitidsese results are particularly intriguing given the
attention paid to the role of firm-level factorschuas alliance capabilities in recent studies. For
example, Kale et al. (2002), building on the ideattgreater alliance experience can have
positive performance effects (Anand and KhannaQ20discuss the role of a ‘dedicated alliance
function’ in capturing and managing alliance-relkt®wledge, suggesting that such a function
can enable the development of alliance capabilthesugh learning and evolutionary processes
(March, 1991; Nelson and Winter, 1982). In muchghme spirit, Zollo et al. (2002) develop the
idea of inter-organizational routines, which aletidw a similar evolutionary path. Our concept
of organizational search capabilities shares a rumobfeatures with these various concepts: they
are assets tied to the firm and developed over tin@ endow firm agents with superior
evaluation capabilities in the context of interamgational relationships. Whereas prior studies
have generally stressed the positive relationshgiwéen alliance capabilities and firm
performance, our analysis suggests that there argngencies under which investments in the
development of these capabilities may actually beek

This paper also contributes to the broader contiersaaround the performance
consequences of inter-organizational relationshifasious streams of prior work have examined
the effects of alliances on different metrics ofnfiperformance, looking at outcomes such as firm
survival (e.g., Baum and Oliver, 1991), innovatioatput (e.g., Shan et al., 1994) and stock
market valuation (Das et al., 1998). While theselists generally find positive effects, albeit with
a range of contingencies, other studies paint eemured view, for example when comparing
inter-organizational relationships with firm cagalds with respect to their impact on
performance (e.g., Lee et al., 2001). Much of thgance in alliance-related firm performance

outcomes is likely due to partner and inter-firnaiccteristics (e.g., Stuart, 2000); by illustrating
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how factors such as search capabilities and inper#gence can influence the governance-
performance link, our study can shed new light lois tirea, with future work focused more
specifically on empirically testing the predictionfsour model.

A key aim of this paper has been to develop a Setsights that can be used to guide
future empirical work. In this context, the usefaftors such as inter-organizational patterns of
interdependence does increase the burden of dotleempirical data that is more fine-grained
and complex. At the same time, however, the sinarlatesults can help generate more refined
hypotheses that have the opposite effect of sigpdf the data collection task. With more
specific priors (e.g., in more interdependent sgi modes that enable greater coordination are
preferred to modes that enable greater exploratiforiyire work can explore the governance
implications of inter-organizational collaboratiam a more targeted way using empirical and

case-based studies.
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Figurel
Conceptual model: gover nance mode, capabilities and inter dependence
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Figure2
Inter-firm inter dependence

A. Interaction matrix example
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Figure3

Summary of gover nance structures

Governance Agentsand Decision Making Metricsfor Oversight and
Structure Poalicies Sequence Evaluating Decisons  Hierarchy
Controlled
Modular Two Agents Firms 1 and 2 Own-firm profit, None
(MOD) Control F1 and (simultaneously) F1 and F2
F2, respectively
Self-Governing Three Agents 1. Alliance Alliance profit for A None
Alliance Control N1, 2. Firms 1 and 2 Own-firm profit plus
(SGA) A1-A2, and N2, (simultaneously  portion @) of alliance
respectively with respect to profit for F1 and F2
N1 and N2)
Ratified Three Agents 1. Firms 1 and 2 Alliance profit for A F1 and F2 must
Alliance Control N1, (s_imultaneously Own-firm profit plus ratify alliance
(RAT) A1-A2, and N2, with respectto  hqriion () of alliance ~ Proposals
respectively N1 and N2) profit for F1 and F2
2. Alliance
3. Firms 1 and 2
ratify alliance
proposals
Integrated One Agent Single decision Own-firm profit, Implicit full
(INT) Controls all policy maker combining F1+F2 oversight

choices
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Figure4

Performance levels of four gover nance modes: inter dependence pattern 1
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These figures graph performance (vertical axisyHertwo-firm system over time periods 0 to 200
(horizontal axis) for the four governance modesmerdependence Pattern 1 (fully decomposablely wit
varying levels of organizational capabilities. Eg@cdint on each line represents the average of 00,00
simulation runs. MOD, SGA, RAT and INT refer to tm@dular, self-governing alliance, ratified alli@nc

and integrated forms, respectively.
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Figure5

Performance levels of four governance modes: inter dependence pattern 4
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These figures graph performance (vertical axis}tertwo-firm system over time periods 0 to 200
(horizontal axis) for the four governance modesnderdependence Pattern 4 (full interdependendd), w
varying levels of organizational capabilities. E@ciint on each line represents the average of 00,00
simulation runs. MOD, SGA, RAT and INT refer to tmedular, self-governing alliance, ratified alli@nc

and integrated forms, respectively.
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Figure6
Magnitude of coordination and exploration effects

Performance impact, period 10:
Effect of a one standard deviation change in coordination or exploration
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These figures show the change in performance atedaiith a one standard deviation change in
coordination or exploration. Values are calculaisohg the estimated coefficients from Table 5 eat&d
at the mean value of coordinatiaiogrdination failures) and explorationgdercent of choices evaluated)
for each pattern. Coordination values shown repitebe negative of theoordination failures effect to
facilitate exposition.
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Tablel
Demand and supply of coordination and exploration

A. Level of coordination and exploration demanded by the inter dependence pattern

Coordination Demanded Exploration

Demanded

Between Firms 1, 2 (Number of

and Alliance Within Alliance Between Firms 1,|2 Local Peaks)

Pattern 1 None Little None 18
Pattern 2 None High None 35
Pattern 3 High High None 198
Pattern 4 High High High 315

B. Level of coordination supplied by gover nance modes

[*2)

Between
Firms 1, 2 Within Between Sources of
and Alliance Alliance Firms 1, 2 Coordination Supply
MOD Low Low None = No formal mechanism, but individual
firms control subset of alliance activitie
SGA Low High None = Sequential moves within period
= Firms consider alliance performance
RAT Medium High None = Sequential moves within period
» Firms consider alliance performance
» Ratification stage
INT High High High = Single decision maker

C. Level of exploration supplied by gover nance modes

Exploration Exploration
Level Influences
MOD Very High = Parochial decision making by firm managers
SGA High = Parochial policy evaluations and implementatioralivance
RAT Medium = Par_o_chia_ll policy evaluations by alliance
= Ratification step
INT Low = Systemic viewpoint

MOD, SGA, RAT and INT refer to the modular, selfvgoning alliance, ratified alliance, and integrated
governance modes, respectively.
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Table?2

Performance, exploration and coor dination, interdependence pattern 1

Degree of Exploration

Capability ~ Gov. Performance Percent of Choices g ing | COOTdination
Level Mode Evaluated King Failures
Points
p.10 p.200 p.10 p.200

MOD 0.898 0.931 34.7 45.2 18.0 0

A SGA 0.916 0.930 40.1 45.2 20.3 0
RAT 0.917 0.931 40.0 45.2 19.0 0

INT 0.849 0.931 25.3 45.2 18.5 0

MOD 0.951 0.951 55.3 55.3 17.9 0

B SGA 0.951 0.951 55.3 55.3 19.8 0
RAT 0.951 0.951 55.3 55.3 18.5 0

INT 0.951 0.951 55.3 55.3 18.5 0

MOD 0.910 0.987 47.0 82.6 2.1 0

C SGA 0.944 0.986 53.6 81.4 2.5 0
RAT 0.944 0.986 53.6 81.4 2.3 0

INT 0.855 0.983 34.3 80.3 2.2 0

MOD 0.991 0.991 90.3 90.3 2.2 0

D SGA 0.993 0.993 89.6 89.6 2.3 0
RAT 0.993 0.993 89.6 89.6 2.0 0

INT 0.990 0.990 90.7 90.7 2.2 0

MOD, SGA, RAT and INT refer to the modular, selfvgoning alliance, ratified alliance, and integrated
forms, respectively. Performance refers to the stifirm 1 and Firm 2 performance at periods 10 and
200. Exploration is measured using two differentriog: (1)percent of choices evaluated: the running

total of all contribution values accessed by the finms at periods 10 and 200 as a result of tmesfi

decision making processes divided by the total rarrobsuch values on the landscape; andt{@ing
points: the average number of points on the landscape Which the two-firm system will not move.
Coordination failures are measured as the number of periods betwedretiiening of the simulation and
period 200 that total profit (Firm 1 and Firm 2ctiees from one period to the next. All measures¢pt
sticking points) are evaluated and averaged adi@§90 simulations. Sticking points are averagest ov
100 simulation runs.

" Pattern 1 has a total of 144 possible contributaines that can be evaluated.
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Table3
Performance, exploration and coor dination, interdependence pattern 4

Degree of Exploration
Capability Gov. Performance Percent of Choices .. . Coordination
Level Mode Evaluated St'c.k 'ng Failures
Points
p.10 p.200 p.10 p.200

MOD 0.747 0.842 0.3 1.2 83.8 10.3
A SGA 0.768 0.833 0.4 1.0 97.5 6.0
RAT 0.784 0.829 0.3 0.7 193.1 3.1

INT 0.788 0.829 0.2 0.5 315.1 0
MOD 0.731 0.761 1.2 1.7 83.8 47.0
B SGA 0.790 0.807 1.0 1.1 97.5 21.9
RAT 0.776 0.781 0.9 0.9 193.1 30.5

INT 0.845 0.845 0.7 0.7 315.1 0
MOD 0.740 0.818 0.3 4.3 8.5 35.7
c SGA 0.760 0.865 0.5 3.6 20.4 21.6
RAT 0.781 0.873 0.5 2.2 50.1 9.6

INT 0.800 0.895 0.3 2.5 51.9 0
MOD 0.690 0.747 4.6 12.3 8.5 71.6
D SGA 0.780 0.831 3.0 4.6 20.4 324
RAT 0.781 0.795 2.6 3.0 50.1 42.9

INT 0.912 0.912 4.0 4.0 51.9 0

MOD, SGA, RAT and INT refer to the modular, selfvgoning alliance, ratified alliance, and integrated
forms, respectively. Performance refers to the stifirm 1 and Firm 2 performance at periods 10 and
200. Exploration is measured using two differentriog: (1)percent of choices evaluated: the running
total of all contribution values accessed by the finms at periods 10 and 200 as a result of tmesfi
decision making processes divided by the total rarrobsuch values on the landscape; andt{@ing
points: the average number of points on the landscape Whbich the two-firm system will not move.
Coordination failures are measured as the number of periods betwedretiiening of the simulation and
period 200 that total profit (Firm 1 and Firm 2)xtiees from one period to the next. All measuresépt
sticking points) are evaluated and averaged ad@§90 simulations. Sticking points are averagest ov
100 simulation runs.

" Pattern 4 has a total of 49,152 possible contdputalues that can be evaluated.
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Table4
Relative effects of coordination and exploration

Dependent variable: (4-1) (4-2)

Performance period 10 period 200
Coordination failure -0.156 [0.002] -0.161 [0.001]
Exploration 0.189 [0.001] 0.135 [0.001]
P2 dummy -0.012 [0.001] -0.016 [0.001]
P3 dummy -0.005 [0.001] -0.010 [0.001]
P4 dummy -0.028 [0.001] -0.011 [0.001]
P3 * coord. failure -0.085 [0.002] -0.105 [0.002]
P4 * coord. failure -0.191 [0.002] -0.269 [0.002]
P2 * exploration 0.013 [0.001] 0.013 [0.001]
P3 * exploration 0.948 [0.008] 0.528 [0.005]
P4 * exploration 0.871 [0.013] 0.276 [0.004]
Constant 0.830 [0.001] 0.873 [0.001]
Model R 0.518 0.574

This table shows OLS regressions of firm perforneafsaim of Firm 1 and Firm 2) at period 10 or period
200. Exploration is measured pgrcent of choices evaluated and coordination failure is measured by
coordination failure percent. All coefficients are significant at the p < 0.0@%el. Each specification
contains 640,000 observations: 4 patterns, 4 gamesmodes and 4 capability levels, across 10,000
simulations.
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